In this paper, we update and extend "Is There a Glass Ceiling in Sweden?" (Albrecht, Björklund and Vroman, JOLE 2003) by documenting the extent to which the gender log wage gap across the distribution in Sweden has changed over the period 1998 -2008. We then examine the Swedish glass ceiling in 2008 in more detail by documenting how it differs for white-collar versus blue-collar workers and for private-versus public-sector workers. We also examine when in the life cycle the glass ceiling effect arises and how this effect develops around the birth of the first child. Finally, we investigate the possible connection between the glass ceiling and the parental leave system in Sweden by linking wage data with data on parental leave from different Swedish registers.
Introduction
Ten years ago, Albrecht, Björklund and Vroman (2003) documented the existence of a substantial glass ceiling in Sweden, i.e., a large difference between the wages earned by men and women at the top of their respective distributions. Using register data from 1998, they found that although the difference between the median log wage for males and the median log wage for females was 0.133 (quite low by international standards), the corresponding gap at the 90 th percentile was 0.387 (extremely high by developed country standards). Several later studies, e.g., Arulampalam, Booth and Bryan (2007) , examined the gender log wage gap across the distribution in other European countries. With the exception of the other Scandinavian countries, there is less of a glass ceiling elsewhere in Europe; indeed, in some southern European countries, the gender log wage gap declines across the distribution. Albrecht et al. (2003) hypothesized that the generous parental leave system was a major factor contributing to the glass ceiling in Sweden. Their argument was based on statistical discrimination. Before we discuss that argument, we note that there are, of course, several other potential explanations for the Swedish glass ceiling. One possibility is that career interruptions, e.g., for parental leave, may be associated with lower levels of human capital. See, for example, Mincer and Ofek (1982) and Kim and Polachek (1994) . This might occur in two ways. First, human capital may depreciate while one is away from work. We argue, however, that human capital depreciation is unlikely to be the primary explanation for the Swedish glass ceiling. Albrecht, Edin, Sundström and Vroman (1999) estimated the effects of time out of the workforce on log wages for men and women in Sweden while controlling for individual-specific fixed effects. They found that while women's wages were not affected by "normal" periods of parental leave, men who took parental leave suffered a substantial wage penalty. These findings seem incompatible with a pure human capital depreciation effect -if time out depreciates human capital and if this depreciation leads to wage losses, then the effects should be similar for men as for women. 1 A second reason that parental leave might be associated with lower levels of human capital is that workers who anticipate career interruptions in the future have less incentive to invest in human capital today than do those who expect to work more or less continuously.
However, pre-market levels of human capital investment, in particular, educational attainments, are similar for men and women in Sweden. Indeed, female educational attainment has surpassed that of males in Sweden (Pekkarinen 2012) .
A second potential alternative explanation for the glass ceiling in Sweden is gender differences in career orientation; that is, women may self-select into more family-friendly jobs with corresponding flatter wage profiles as a matter of preference. Some papers, e.g., Croson and Gneezy (2009) and Bertrand (2011) argue that women are less competitive, more risk averse, less over-confident and less likely to initiate negotiations. However, this issue is by no means settled;
for example, studies of bankers show that women are less risk averse, and other studies suggest that women in competitive settings are at least as aggressive as males. Again, see Croson and Gneezy (2009) and Bertrand (2011) . In any event, the question is why the glass ceiling effect is so pronounced in Sweden and the other Scandinavian countries relative to what we see elsewhere. Any argument based on gender differences in career orientation needs to explain why such differences are particularly salient in the Scandinavian countries.
Finally, a third alternative explanation is that there is a limited market for household services in economies such as Sweden that have a compressed wage structure and that women in top jobs may need these services to succeed in the labor market. The argument is that in countries like the U.S., career-oriented women can hire someone to clean the house, pick up the children after school, etc. at a relatively low wage, while in Sweden, such "outsourcing" is much more expensive. This explanation has been advanced by Arulampalam, Booth and Bryan (2007) , among others, and, even though public daycare (dagis) is available at a relatively early age in Sweden, 2 we think it has considerable merit. Interestingly, the market for household services has grown substantially in recent years in Sweden, spurred in part by a relatively generous tax-rebate program known as RUT. 3 Some early results on the labor market effects of RUT are given in Halldén and Stenberg (2013) .
Having sketched these alternatives, our primary explanation for the glass ceiling in Sweden remains one of statistical discrimination. The argument is essentially that of Coate and Loury (1993) . 4 Employers understand that the Swedish parental leave system gives women a strong incentive to participate in the labor force but also encourages them to take long periods of parental leave and to be less flexible with respect to hours once they return to work. Extended absence and lack of flexibility are particularly costly for employers when employees hold top jobs. 5 Employers therefore place relatively few women in fast-track career positions. Women, even those who would otherwise be strongly career-oriented, understand that their promotion possibilities are limited by employer beliefs and respond rationally by opting for more familyfriendly career paths and by fully utilizing their parental leave benefits. The equilibrium is thus one of self-confirming beliefs. Women may "choose" family-friendly jobs, but choice reflects both preferences and constraints. Our argument is that what is different about Sweden (and the other Scandinavian countries) is the constraints that women face and that these constraints -in the form of employer expectations -are driven in part by the generosity of the parental leave system.
In this paper, we update and extend Albrecht et al. (2003) by documenting the extent to which the gender log wage gap across the distribution in Sweden has changed over the period 1998 -2008.
We then examine the Swedish glass ceiling in 2008 in more detail by documenting how it differs for white-collar versus blue-collar workers and for private-versus public-sector workers. We also examine when in the life cycle the glass ceiling effect arises and how this effect develops around the birth of the first child. Finally, we investigate the possible connection between the glass ceiling and the parental leave system in Sweden. To do this, we link wage data with data on parental leave from different Swedish registers. We focus on young men and women who had their first child in the period 1994 -98 and then follow the career paths of these individuals. We estimate quantile regressions relating log wages in 2008 to patterns of parental leave utilization.
the remainder directly from the Swedish Tax Authority. One motivation for this program was to discourage the black market in household services. In addition to RUT, there is another program known as ROT whereby a 50% tax deduction can also be taken for craft services in the home such as Reparation (Repair), Ombyggnad (Refurbishment) and Tillbyggnad (Extension). ROT preceded RUT, albeit at a lower rate of deduction. Currently, the maximum deduction for RUT and ROT together is 50,000 SEK (about $7600) per person. 4 Coate and Loury (1993) develop their model to help explain racial wage differences. See Albanesi and Olivetti (2009) for an application of the Coate and Loury (1993) model to gender wage differences. 5 Specifically, using U.S. data, Goldin (2014) argues that absence and lack of commitment are particularly costly in jobs that require long and/or flexible hours.
In particular, we look at how much parental leave the individuals take for their first child and whether the parental leave is concentrated or spread out.
We find that the gender log wage gap toward the top of the distribution decreased from 1998 to 2008 but that there is still a significant glass ceiling in 2008 and it is still considerably larger than in other developed countries. This reduction in the glass ceiling occurred against a backdrop of increasing overall wage inequality over the 1990's, but during the early 2000's, wage differentials changed little.
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When we examine the gender log wage gap by occupation, we find that the glass ceiling is a phenomenon only for the wage distributions of white-collar workers and not for blue-collar workers. Focusing on white-collar workers, we find that the glass ceiling effect is present in both the private and public sectors and is particularly strong in the public sector at the provincial government level. The glass ceiling effect increases with age (up to age 45), and over half of the difference in log wages between men and women is present even before the birth of the first child. After the first birth, the gap increases, especially at the very top. Finally, there is a wage gap between mothers who concentrate their parental leave and those who don't, even before the birth of the first child.
We then use quantile regressions to control for education, age, family size, occupation, sector and parental leave utilization. We estimate these quantile regressions separately for women and men whose first child was born in the years 1994 -98 and who held a white-collar job in 2008. We use two variables to capture parental leave utilization: the total parental leave taken and the share of parental leave taken in the first half year after the birth. Total parental leave taken has a negative coefficient that is significant throughout the distribution for fathers and is greater in absolute value than the corresponding coefficient estimates for mothers across all quantiles used.
For mothers, total parental leave is negative and significant for the median and above. For both fathers and mothers, the coefficient is greater in absolute value for the higher quantiles. The fact that the coefficients are larger in absolute value for the fathers is consistent with the findings of Albrecht, Edin, Sundström, and Vroman (1999) , who found that taking parental leave had a negative effect on fathers relative to other men whereas taking parental leave had little effect on 6 See Bengtsson, Edin, and Holmlund (2014) .
mothers. For mothers, the share of parental leave taken in the first half year has a consistently positive and increasing coefficient that is significant at the 25 th percentile and above. In sum, we find that taking parental leave has a larger effect at the higher end of the wage distribution. The effect is larger for fathers, but fathers take less parental leave. Mothers who concentrate their leave suffer less wage loss, particularly at the high end of the distribution. The amount of parental leave taken by mothers and fathers and the way in which that leave is taken is closely associated with the glass ceiling.
We start in the next section by describing the data. Then, in Section 3, we briefly describe the Swedish parental leave system. In Section 4, we present a descriptive analysis of how the gender gap across the distribution changed in Sweden betweem 1998 and 2008. We then focus on the gender log wage gap in 2008 and look at how it differs by occupation, sector, and age. In Section 5, we look at how the gender wage log gap changes around the birth of the first child and with parental leave utilization. Finally, in Section 6, we conclude.
The Data
We use Swedish population-wide register data for our analysis. Our starting point is the LOUISE database, which contains information from several registers for the Swedish population aged 16 -75. This database includes annual labor earnings, age, education, country of origin, region of residence, etc. These data are available on an annual basis. We use data over the period 1994 -
2008.
We link several other registers to the basic LOUISE database. First, only data on annual earnings are available in LOUISE. Information on full-time-equivalent monthly earnings (thus comparable to hourly wage rates) is available in the Wage Structure Statistics and is based on (i) the individual's earnings during the survey month (often September) and (ii) his or her contracted hours for that month. These data are available only for individuals who had some working hours during the month of the survey; in particular, workers on leave (e.g., parental leave) for the entire month are not included. Full-time-equivalent earnings are available for all public-sector employees with positive hours in the survey month. In the private sector, these data are available for all workers in firms with at least 500 employees. For firms with fewer than 500 employees, a stratified sample (based on industry and on firm size) is used. As a result, approximately 50% of private-sector workers are included in our database. The analysis we present below uses weights to adjust for the fact that full-time-equivalent earnings are not observed for all private-sector workers.
We also link two other registers to LOUISE, the Multiple Generation Register and the Parental Leave Register. The Multiple Generation Register records all births, which makes it possible to keep track of the number and age of children associated with each mother and father. LOUISE includes a family identifier, so that the database can be used to trace spouses, but the Multiple Generation Register gives additional information since a biological mother and father can be divorced. The Parental Leave Register gives start and end dates for periods when benefits have been paid.
The Swedish Parental Leave System
The current Swedish parental leave system is summarized in the diagram below. extra two months; i.e., there are 60 days for each parent and then 270 days that can be allocated in any manner the parents choose. 8 If the 270 days are shared evenly by the parents, they get a tax-free bonus of SEK50 per day. Single parents have access to the full 480 days. 9 As illustrated in Figure A in the Appendix, the share of parental leave taken by fathers has increased steadily over time (note the spikes at the start of 1995 and 2002). In the period 1994 to 1998, fathers took about 10% of parental leave; currently, they take over 30% of parental leave. As noted in the diagram, parents can use the parental leave part time -indeed, the 480 days can be taken as full, half, quarter or even one eighths of a day -and can thus spread out their leave over a longer 8 The first "daddy month" -so-called because the objective was to give fathers more incentive to share in parental leave -was introduced in January, 1995; and the second daddy month was introduced in January, 2002. See Ekberg, Eriksson and Friebel (2013) for a regression discontinuity analysis of some of the effects associated with the introduction of the first of these reforms. 9 Most of this information can be found on the website sweden.se/society/gender-equality-in-sweden/ white-collar workers and 44.1 percent of blue-collar workers. In the public sector, women were 69.8 percent of white-collar workers, while they were 43.1 percent of white-collar workers in the private sector. 10 Figure 2 shows the gender log wage gaps for public-sector and private-sector white-collar and blue-collar workers. The gender log wage gaps are more or less constant over the wage distribution for blue-collar workers in both sectors. The gender log wage gap for bluecollar workers in the public sector is close to zero up to the median and a bit higher thereafter but doesn't show the large acceleration seen for the white-collar workers towards the top of the wage distribution. Based on Figure 2 , one can see that the glass ceiling (the strong increase in the gender log wage gap across the distribution) is a characteristic of the wage distribution for whitecollar workers but not of that for blue-collar workers. Further, white-collar wages are in general higher than blue-collar wages. Specifically, in the blue-collar distribution, the log wages (monthly full-time equivalent earnings) at the 90 th percentile (10.13 for women and 10.28 for men) are below the 90 th percentile of the overall log wage distribution (10.43 for women and 10.70 for men) while the log wages at the 90 th percentile of the white-collar distribution (10.53 for women and 10.88 for men) are above the 90 th percentile of the overall distribution. That is, the difference in the higher quantiles between the overall distributions for men and women is primarily driven by the difference in the white-collar distributions, and this difference exhibits the glass ceiling pattern. In this sense, the glass ceiling is a white-collar phenomenon. In the rest of this section, we restrict our attention to white-collar workers.
The gender log wage gap for private-sector white-collar workers rises over the wage distribution and grows particularly sharply at the very top of the distribution. For public-sector white-collar workers, the gender log wage gap also rises across the distribution, but the gap falls at the very top of the distribution. This is explained in part by disaggregating the public sector data. Figure 3 plots the gender log wage gap for public-sector white-collar workers by level of government.
This shows that the gender log wage gap is highest in the Landsting or provincial government and climbs to extremely high levels (between 0.6 and 0.7 log points) around the 75 th percentile before falling off. Even after falling off, the gender log wage gap for provincial government workers remains above 0.3 log points. The gender log wage gap for white-collar workers in provincial government reflects to a large extent occupational segregation in the healthcare sector, which is administered at the provincial government level. Of the women in provincial government whose full-time equivalent monthly earnings were above the 75 th percentile in 2008, the most frequent occupations were doctors (30.2%), nurses (8.7%), and department heads in the healthcare sector (5.7%). For men, these were: doctors (87.9%), department heads not in the healthcare sector (5.0%), and holders of high office making political decisions (1.4%). The next two figures illustrate the development of the gender log wage gap for white-collar workers over the period 1998 to 2008. Figure 4 looks at private-sector workers and shows that the gender log wage gap at the 90 th percentile fell over this period and approached that at the 75 th percentile, which had also decreased over the period. The gaps at the 10 th , 25 th , and 50 th percentiles were essentially constant over this period. Figure 5 shows a quite different picture for the white-collar workers in the public sector. The gender log wage gap at the 90 th percentile increased a bit over the period and remained significantly above the gaps at the lower percentiles, which were essentially constant over the entire period. Figures 6 and 7 show the development of the gender log wage gap for white-collar workers at the median and the 90 th percentile over 1998-2008 by age groups. In Figure 6 , we see that the gender log wage gap at the median increases up to age 35 and remains relatively constant over this time period for each age group. In fact, the biggest increase is between ages 25 and 35 when the gap rises from less than 10 percent to almost 20 percent. This is in line with the results found in Angelov et al. (2013) , which shows that the spousal wage and income gaps increase by 10 and 35 percent respectively, fifteen years after the birth of the first child. Figure 7 shows much larger increases in the log wage gap at the 90 th percentile. Here we see that the gap continues to rise until age 45 and reaches very high levels -about twice as high as the levels shown for the median in Figure 6 . In this section, we focus on men and women whose first child was born during the years 1994 -98 and who held white-collar jobs in 2008. We look at the gender log wage gap before and after the first birth, and then examine how that gap varies with how much parental leave is taken and whether it is taken in a concentrated or spread-out way. Figure 8 shows the gender log wage gap across the distribution for white-collar workers 4 years before the first birth, 1 year before the birth, 5 years after the first birth and 10 years after the birth. At the 25 th percentile, there is roughly a 10% log wage gap four years before the first birth. This gap doubles by ten years after the birth. At the median, the log wage gap four years before the first birth triples by ten years after the birth. Finally, at the 75 th percentile, the log wage gap ten years after the first birth is about four times the gap that existed four years before the birth. These patterns are consistent with the ones shown in Figures 6 and 7 . In the lower half of the wage distribution, most of the gender gap is realized by age 35; in the upper half of the distribution, the spreading out continues through age 45. That is, part of what we see in Figure 8 may be a birth effect, but part may be a pure age effect. These patterns are also illustrated in Figure 9 , which shows more clearly how the gender log wage gap increases continuously after the first birth for workers at the median, the 75 th percentile and the 90 th percentile of the log wage distribution. To examine how the gender log wage gap varies with parental leave, we estimate a set of quantile regressions for women and men separately so that we can look at the coefficients on parental leave variables while controlling for other factors. We are using 10% subsamples of men and women whose first child was born during the years 1994 -98 and who hold white-collar jobs in
2008. Specifically, we use a subsample of 7,195 mothers and 4,941 fathers. These regressions include total parental leave taken (in months) in conjunction with the first birth, the share of parental leave that the parent took in the first half year after the first birth, family size, age, age squared, a dummy variable indicating whether the individual was employed in the private sector and a set of 2-digit occupational dummies, education dummies, and year dummies. Summary statistics for this subsample are given in Table A2 in the Appendix. We do not control for endogeneity of parental leave take-up, although this is clearly an issue, 11 so the quantile regression estimates should be viewed as more of an accounting exercise than an indication of causality. The results are presented in Tables A3 and A4 in the Appendix.
The coefficient on total parental leave taken is negative and significant for mothers at the median and above. For fathers, total parental leave is negative and significant at the 25 th percentile and above. The coefficients for both mothers and fathers are larger in absolute value as we move up the distribution. Finally, the coefficients for fathers are larger in absolute value than those for mothers. These results are consistent with the findings in Albrecht et al. (1999) , who found that parental leave take-up had a greater effect on the mean log wage of fathers than on the mean log wage of mothers. The share of parental leave taken in the first half year is significant for mothers from the 25 th percentile up. Its coefficient is positive and increases across the distribution. It is not significant for fathers. Our interpretation of the result for women is that women who concentrate their leave right after the child's birth rather than spreading it out are signaling more career commitment, and this has a larger effect on wages higher up in the wage distribution. Of course, it may be the case that women higher up the wage distribution are encouraged to concentrate their parental leave, i.e., this could be a reflection of the endogeneity of the timing of parental leave. The coefficient on the share of parental leave taken in the first six months after birth is insignificant at all quantiles for fathers. This is as expected since few fathers take substantial parental leave in the first half year.
Age is significantly positive for both women and men, but the coefficients for men are higher at every percentile. Being in the private sector has a positive effect on wages for both women and men, but again the coefficients are larger for men at every percentile. Interestingly, the occupation dummies are mostly significant for men but mostly insignificant for women. Finally, family size is not significant for women, but it is positive and significant for men from the 25 th percentile of the distribution. Figure 10a illustrates the coefficients on the first parental leave variable shown in Table A3 , i.e., the total parental leave of mothers who had their first child between 1994 and 1998. It is clear from Figure 10a that, as indicated by the quantile regressions, the coefficient is significant and increasingly negative at the median and above. Figure 10b illustrates the positive and increasing coefficient associated with concentrating one's parental leave right after having the child. Figures   10c and d show the analogous coefficients on the parental leave variables in the log wage equations for fathers. Figure 10c indicates that the coefficient on the total parental leave taken by fathers is negative and becomes more negative as we move up the wage distribution. The share taken in the first half year is never significant for fathers. concentrate their parental leave and those who don't. We define "concentrate parental leave" as taking half or more of the mother's days associated with the first child in the first six months after the birth. In Figure 11 , we show the log wage gaps between mothers who concentrate their leave and those who don't. We show the gaps 4 years before the birth, one year before the birth, five years after the birth and 10 years after the birth. There is little gap for women in the bottom half of the wage distribution. Starting at the 75 th percentile of the wage distribution, we can see a significant difference between the women who concentrate their parental leave and those who don't. Those who concentrate their leave earn considerably more and the difference increases over time, i.e., the difference is greater 10 years after the birth than 5 years after the birth. This is consistent with the idea that concentrating one's parental leave signals more career commitment on the part of mothers so that they are in more "fast track" jobs and that this effect is apparent towards the top of the wage distribution. This is also illustrated in Figure 12 , which shows that there is an increasing log wage gap at the 90 th percentile between the distribution across women who concentrate their leave and the distribution among those who don't concentrate their leave and are at the 90 th percentile of their wage distribution. showed that the glass ceiling, i.e., a large and increasing gender log wage gap at the top of the wage distribution, has persisted over time. We looked at the data for 2008 and found that the glass ceiling is a white-collar phenomenon. There is a glass ceiling for white-collar workers in both the private and the public sectors, although the patterns are different. In the public sector, the gender log wage gap is quite different for different levels of government, being particularly large in the provincial government. We also found that the glass ceiling effect increases with age.
We then looked at how the gender log wage gap develops around the birth of the first child. Over half of the male-female log wage differential is present even before the first child is born. After the first birth, the gender log wage gap increases, especially at the 90 th percentile. We then looked at the relationship between parental leave and log wages. We ran quantile regressions for women and men who had their first child between 1994 and 1998 and who were working in white-collar jobs in 2008. We regressed log wages on months of parental leave, the fraction of parental leave taken in the first six months after the birth and a number of controls. We found that the coefficients on total parental leave were significantly negative for mothers from the median up and that they increased in absolute value as log wages increase. We found significant and increasingly negative coefficients for the fathers that were larger in absolute value than those for the mothers. We found significant positive coefficients for the log wages of mothers who concentrated their leave in the first six months that increased across the wage distribution.
Concentrating leave had no significant effect on the log wages of fathers. These results are consistent with a signaling story in which mothers signal their commitment to their careers by concentrating their leave and this is more important the higher up the wage distribution they are.
The larger effect of total parental leave taken for fathers also would support a signaling story in which these fathers signal a commitment to family by taking more than the normal paternal leave.
Since almost all mothers take a substantial amount of maternal leave, total time taken does not provide a signal. 
